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AMERICAN WELDING SOCIETY 
BULLETINS 


If you do not have a complete set 
of the American Welding Society 
Bulletins you should order same at 
once. The price set on these bulletins 
for members are a figure that barely 
reimburses the Society for the cost 
of printing. They include: 


Bulletin No. 1.—‘“Standards for 
Testing Welds.” These standard 
tests comprise: (a) Shop Standard. 
A simple standard test for such pur- 
poses as checking the work of a 
welder, testing a new lot of welding 
wire, and testing the effect of some 
change in conditions. (b) Commer- 
cial Standard: For cases where more 
than one kind of test should be made 
but where the circumstances do not 
justify a complete investigation. (c) 
Research Standard: When a com- 
plete investigation of a weld is to 
be made for research or other pur- 
poses, all tests and examinations are 
made which will contribute any in- 
formation in regard to the character- 
istics of the weld. Price per capy— 
members, 25 cents; non-members, 
50 cents. 


Bulletin No 2.—‘Welding Wire 
Specifications and Folios.” The spec- 
ifications and folios are based on the 
data collected by the Welding Wire 
Specifications Committee as to the 
chemical analysis of welding wire 
used for both gas and electric weld- 
ing in railroads, shipyards and other 
places and the service results ob- 
tained from the use of such wire. 
Price per copy—members, 25 cents; 
non-members, 50 cents. 

Bulletin No. 3.—‘“Standards for 
Electric Arc Welding Apparatus.” 
These rules provide standards for use 
in connection with specification, def- 
inition of terms, information relative 
to apparatus to be supplied by the 
manufacturer and by the prospective 
purchaser, respectively, and_ tests. 
Price per copy—members, 15 cents; 
non-members, 30 cents. 


Bulletin No. 4.—"Training Course 
for Oxy-Acetylene Welders.” A re- 
port prepared under the joint aus- 
pices of the Federal Board of Voca- 
tional Education, National Research 
Council and the American Welding 
Society. For the infromation of the 
person who is selecting the candidates 
the text includes a discussion of the 
qualifications which the candidate 
for training should possess. For the 
information of the instructor the text 
includes the fundamentals in gas 
welding, together with a number of 
type welding jobs arranged in the 
order of difficulty. These type weld- 
ing jobs are divided into checking 
levels with the objective clearly indi- 
cated and the auxiliary information 
which should be given the student for 
each checking level. Per copy, 25 
cents. 

Bulletin No. 5.—‘Welded Pressure 
Vessels.” This report, which con- 
sists of 152 pages, contains the test 
data obtained as the result of the 
destructive tests of some 50 welded 
tanks, together with analysis of this 
data and recommendations to the 
Boiler Code Committee of the A. S. 
M. E. It contains many illustrations, 
charts and tables. Price to members, 
$1.50; to non-members, $5.00. Spe- 
cial rates on this bulletin may be ob- 
tained for quantity lots of ten and 
over. 


BOUND VOLUME OF JOURNAL 


In order to meet the demands of 
certain members the Society each 
year binds a few volumes of the 
Journal in attractive book-form. This 
year a suitable index will be includ- 
ed. In this way a permanent rec- 
ord will be provided .for the best ar- 
ticles appearing on welding during 
the year. Copies are sold to members 
at $5.00. Orders should be placed at 
once for the 1923 volume as only a 
few will be put up. Attention is also 
called to the fact that there are five 
or six bound volumes of the 1922 edi- 
tion still available. 
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Section Activities 


Philadelphia 


One of the most interesting and 
best attended meetings of the Phila- 
delphia Section was held on Monday, 
November 19th, at the Engineers’ 
Club, 1317 Spruce Street. A six- 
reel moving picture was shown on 
the “Manufacture of All-Steel Auto- 
mobile Bodies,” through the courtesy 
of the E. J. Budd Manufacturing 
Company. This picture was never 
shown in public before and was high- 
ly interesting to the welding indus- 
try, as it illustrated the use of elec- 
tric are, acetylene and spot welding. 


Chicago 


The second fall meeting of the Chi- 
cago Section was held Friday, No- 
vember 2nd, at 8 P. M., in the rooms 
of the Western Society of Engineers, 
Monadnock Building. Mr. H. Ull- 
mer presented papers on “Applica- 
tion of Oxy-Acetylene Welding and 
Cutting in the Mining Industry,” and 
“Welding of Stellite.”’ The latter 
paper gave in detail the methods 
found most successful in connection 
with the welding of stellite to ma- 
chine steel shanks for use as a cut- 
ting tool. Both papers were dis- 
cussed by those present. 

The next meeting will be held 
on December 7th. The program 
will inelude a paper upon the 
“Electric Welding of Sheet Steel,” by 
Mr. E. S. Hurd, of the Gibb Instru- 
ment Company, and also a paper on 
“Welding and Cutting in Connection 
with Car Repairs,” by Mr. H. W. L. 
Porth, Master Car Builder, Swift Re- 
frigerator Transportation Company. 


Pittsburgh 


The next meeting of the Pittsburgh 
Section will be held Friday evening, 
November 23rd, Mr. W. R. Hulbert, 
Sales Engineer, Metal and Thermit 
Corporation, will present a paper on 
“Alumino-Thermic Process.” The pa- 
per deals with the application of the 
process to the reduction of metals and 
welding and will be illustrated with 
motion pictures and lantern slides. 


New York 


The first fall meeting of the New 
York Seetion, held on November 13th, 
was a huge success. About 120 people 
were in attendance. The unusual fea- 
tures of this meeting were the refresh- 
ments (cider and smokes), and the 
variety of papers presented. 


Mr. C. J. Holslag presented a paper 
on “Proper Fields For the Use of Gas, 
Electric, Thermit and _ Resistance 
Welding.”” He was followed by Mr. 
W. H. Bleeker, of the Page Steel & 
Wire Company, who presented a mov- 
ing picture on the “Manufacture of 
Commercially Pure Iron and Steel.” 
The picture covered a trip to the 
openhearth, blooming mill, rolling 
mill and wire mill, covering all steps 
in the manufacture of wire, begin- 
ning with the ore. 


The Section was honored by the 
presence of Major James Caldwell, 
who is known to most of the mem- 
bers of the American Welding So- 
ciety through his visit to this coun- 
try during the war, as an expert to 
advise with the Welding Committee 
of the Emergency Fleet Corporation 
in regard to the use of welding in 
ship construction. Mr. Caldwell pre- 
sented a paper on “Fluxes and Their 
Functions in Electric Are Welding.” 

Mr. Pliny P. Pies, Welding Engi- 
neer of the Lincoln Electric Company, 
described the are welding of some 
fuel tanks in one of the city build- 
ings. President T. F. Barton gave 
an interesting review of the happen- 
ings at the fall meeting of the So- 
ciety in Pittsburgh. He spoke very 
encouragingly as to the prospects and 
future of the American Welding So- 
ciety. The meeting was presided by 
Chairman E. H. Ewertz, of the Sec- 
tion, who is General Manager of the 
Bethlehem Shipbuilding Corporation. 


The December meeting will be held 
on the 11th at which time Mr. C. F. 
Gailor will present a paper on “Are 
Welding Copper to Steel.” He will 
include a brief analysis of the devel- 
opment of are welding copper bonds 
to steel rail which has resulted in a 
practical satisfactory weld between 
copper and steel which is of interest 
to welders, scientists and engineers 
and which opens up new possibilities. 
Lantern slides and exhibits will be 
shown. 


The January meeting will be held 
on January 8th at the Jersey City 
plant of the Air Reduction Company 
where an inspection and demonstra- 
tion of automatic welding and cutting 
machines has been arranged. At this 
meeting Mr. Hulbert, of the Metal 
and Thermit Corporation, will talk 
on “Thermit Welding,” and show 
some motion pictures of thermit 
welds made on the steamship “Sara- 
toga.” 
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Northern New York 


The November meeting of the 
Northern New York Section was held 
Thursday evening, November 8th, in 
the Civil Engineering Building of 
Union College. Mr. G. O. Carter. 
consulting Engineer, Linde Air Prod- 
ucts Company, presented a paper on 
“Some Management Problems on 
Large Welding Mr. Carter 
gave some interesting details in con 
nection with the construction of a 
tank at Columbus, Ohio. The 
lower ring in this tank is 5/16” mate- 
rial and the bell is %” material. The 
tank is 53 ft. in diameter and 27 feet 
high. In making welded joints be- 
tween the steel sheets from %” to 
3/16" per foot of joint was allowed 
for contraction. Mr. Carter stated 
that it was necessary to test the men 
out to determine their ability before 
assigning them work on this tank. 
He stressed the fact that workman- 
ship on such jobs was of extreme im- 
portance and that he believed butt 
welding instead of lap welding should 


Jobs.” 
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be used for this class of work. The 
following resolution was passed by 
the Section in memory of Dr. C. P. 


Steinmetz: 

“Whereas, death has suddenly re- 
moved Dr. Charles Proteus Steinmetz, 
a scientist of international repute and 
a loyal co-worker of technical prob- 
lems, and, whereas the Northern New 
York Section greatly feels its serious 
loss to itself and to the welding pro- 
fession, be it 


RESOLVED: First, that we. 
the members of the Northern 
New York Section, at our regu- 
lar meeting, Thursday, Novem- 
ber 8, 1923, hereby record our 
personal grief and deep regret 
at this great loss, not alone to us. 
but to the entire engineering and 
scientific world, and. 

Second, that we express our 
sincere sympathy to the mem- 
bers of Dr. Steinmetz’ family. 


ACTIVITIES 


Third, this 


that 
Incorporated into the minutes of 


resolution be 


this meeting and 
Journal of the 
ing Society.” 


Cleveland 
The 


Section 


printed in the 
American Weld 


next meeting of the Cleveland 

will be held November 20th 
at the Engineering Rooms, Hotel 
Winton. The speakers will be Mr. 
R. E. Kinkead, of the Lincoln Electric 
Company, and A. E. Wetzell, of the 
Smith and Oby Company, of Cleve- 
land. Mr. Kinkead will speak on the 
large welded pipe lines welded by the 
electric are processes. Mr. Wetzel] 
will present a paper on the “Advan- 
tages of Using Oxy-Acetylene Weld- 
ing and Cutting in the Installation 
of Heating Systems in Large Build- 
ings.” At the October meeting of 
the Section Mr. S. B. Merry, of the 
Republic Steel Package Company of 
Richmond, presented a review of the 
steel package industry, including its 
early history, develpoment and use 
of welding and how a welded steel 
package is made to-day. The Decem- 
ber meeting will be held on the 
16th at which time Mr. R. L. Hem 
ingway, of the Industrial Accident 
Commission, will discuss the report 
of the American Bureau of Welding 
on the “Welding of Unfired Pressure 
Vessels.” 


Boston 

The November meeting of the Bos 
ton Section was held on November 
Jth at the Boston City Club. Profes- 


sor C. A. Adams, Director of the 
American Bureau of Welding and 
Past President of the American Weld- 
ing Society, reviewed the benefits to 
industry of the activities of the 
American Bureau of Welding, and 
he gave an account of the results al- 
ready accomplished, mentioning pat 
ticularly the advantage of scientific 
research in the development of indus- 
trial applications of welding. 


| EMBLEM 

| All members of the Society are privileged to wear 
| the Society emblem. Emblems may be obtained in 
| two styles from the Secretary's office. 

| Price, gold-filled, 75¢., 14-K. gold, $5.00. 
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EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
ae sources, announcements of which will be published without charge 
in the Bulletin. : 


Services Available—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 

rs. Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will remain 
in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be Addressed to the Number Indt- 
cated in Each Case and Mailed to Society Headquarters. 


POSITION VACANT 


V-14. Have opening in the Welding Division, Practice Department, re- 
quiring the services of a thoroughly experienced welder capable of supervis- 
ing oxy-acetylene, electric and thermit welding in all its branches. Applicant 
must be highly efficient on inspecting jobs and be able to estimate time, 
material and method required to complete same. 

V-15. Salesman. Need first-class salesman for New York territory to sell 
oxy-acetylene welding and cutting equipment. Must be an order getter. 


SERVICES AVAILABLE 


A-20. First-class welder desires position. An expert welder who can super- 
vise, demonstrate, also act as consulting welding engineer. Have eight years 
experience on ship repair and ship cnostruction, in locomotive plants and 
engineering work of all kinds in welding field. Can furnish excellent refer- 
ences. Willing to travel anywhere and accept position either as welder or 
superintendent. 


A-21. First-class electric welder desires position. Thoroughly familiar with 
oxy-acetylene welding and cutting. Want position where a steady, devoted 
ambitious man will receive consideration. Prefers to be located in Washing- 
ton, Pennsylvania or Eastern Ohio. However, will consider other places. Have 
had three years’ experience in charge of welding shop. 


1923 Bound Volume of Journal 
NOW READY 


Price per copy $5.00 


| ORDER NOW! 
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ARC WELDED RAIL BONDS* 


C. F. GAILOR + 
History 

The development in the art of electric arc welding bonds to steel 
rails has been both rapid and phenomenal and when compared to 
the progress made in other fields of electric arc welding it can be 
fairly stated that more actual progress has been made in this par- 
ticular field than in other lines of electric arc welding. This is par- 
ticularly true in the case where all-copper bonds are welded to rails 
with copper electrodes. 

The exceptional merit of copper as a conductor was never over- 
looked for a moment by the engineers and inventors of this particu- 
lar method of bonding, although considerable time was spent in 
studying and endeavoring to secure satisfactory results with other 
metals. It was very definitely and clearly shown in the beginning 
that pure copper, both for the manufacture and welding, produced 
a bond possessing highly essential merits and very much lower in 
electrical resistance than any other substitute or combination of 
metals known to the industry. 

It is comparatively recent, probably within the past ten years, 
that the practice of electrically arc welding bonds to rails was ac- 
complished in a reliable and satisfactory manner. The first attempt 
to arc weld copper bonds to rails was made by using, both for the 
bonds and the filler needed, pieces of oid trolley wire or similar 
articles from the pile of scrap copper which were welded with the 
carbon arc method. The addition of sufficient scrap copper to pro- 
duce the desired mass of copper around the end of the bond to form 
the terminal was accomplished in the usual manner. It was con- 
sidered necessary at that time to secure deep penetration with the 
arc into the rail steel to produce a desirable weld. This practice 
caused unnecessary gouging of the rails, burning of the steel and 
usually resulted in an ugly-looking weld of questionable character. 
Fortunately a careful study of the factors involved quickly demon- 
strated the fallacy of this practice and resulted in the development 
of the welding process which eliminates this feature, as will be 
shown later. 


Character of Bonds 


There were many attempts made to manufacture a rail bond 
having a suitable head or terminal which could be satisfactorily 
welded to the rail without the use or assistance of a mold. This 
was found very difficult if not impossible, due to the fact that the 
action of the copper metal, when in a fluid state under the influence 
of the arc, made it very difficult to secure a weld or amalgamation 
between the steel and copper metal. 

The copper in a small mass, or in a volume such as would be 


* Paper to be presented before Dec. 1923 meeting, New York Section. 
+ Consulting Engineer, Rail Welding & Bonding Co 
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more desirable in this practice of welding, would usually chill with- 
out producing a weld. The use of molds made it possible to use 
sufficient copper around the bond to produce a reliable weld and at 
the same time form a head or terminal on the bond in the most 
suitable shape, size and location. 


Use of Molds 


The problem of confining the weld metal itself, the area of con- 
tact and the necessity for producing a weld and bond terminal of a 
suitable character, as well as a design to conform to the best prac- 
tice in bond manufacture, prompted the use of a mold to accomplish 
the best results. It was quickly found that a carbon mold seemed 
to meet the requirements better than any other material. The 
result was that a carbon mold in one form or another has been in 
use since the very beginning of this method of bonding. 


Fig. 1 
Phote-micrograph showing actual weld between copper bond 
und steel rail, also the homogeneous structure of the bond 


Carbon as a refractory will withstand the action of the are and 
erosive action of the metal when boiling in the mold, and will not 
chill the metal as rapidly as most other materials. It was also 
found difficult to produce a satisfactory weld in the remote corners 
of the mold, especially on the smaller sizes of bonds where the 
metal and the angle of contact was limited. Here again the carbon 
proved its superiority over the other materials. In some cases 
where materials were used for experimental purposes it was found 
very difficult to force the copper metal into the corners of the mold, 
as the material had sufficient chilling and repulsive action to hold 
the copper back for an appreciable distance from the corners. This 
information, however, was decidedly useful, because it proved con- 


. 
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clusively that acute angles in the mold and limited sections of cop- 
per welding should be avoided. 

The carbon molds are designed to produce a terminal and welded 
contact to the rail equal to at least four times the cross section 
of the copper metal in the bond itself. This allows practically a 


Fig. 2--Mold and mold holders during process of welding, carbon arc method being employed 
in upper three figures. Lower figure shows molds for welding bonds to base of rail 


by metallic are process 


factor of safety of four, so that it is virtually impossible for an 
operator to apply a bond which in the finished product would not 
test 100% efficient. A larger contact terminal could not be justified. 

During the development of the process and particularly the study 
of the carbon mold situation it was found that the use of a com- 
bination of copper, steel and carbon for the mold was most desir- 
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able. This construction was found quite necessary when it devel- 
oped that the mass of carbon needed around and under the base of 
the head of the bond was considerably more than the space avail- 
able between the finished bond terminal and the top of many of the 
heavy section joint plates now in use. The combination of these 
materials enables the bond to be applied at a point on the head of 
the rail very much lower than would be possible if an all-carbon 
mold were used. 

The life of such carbon molds, of course, depends largley on 
the welder, the care and attention received, but as a rule it is found 


on 


Fig. 3—Photograh showing a common type of welding outfit for carbon arc method of bonding 


that a set of carbons will weld 40 to 50 bonds and in many cases 
this number is nearly doubled, so that the use of molds, particularly 
when the speed of the operation is considered, and the much larger 
welded contact to the rail is obtained than would otherwise be the 
case, are fully justified even though the cost of such accessories is 
a factor in the total cost of the operation. 


Welding Processes 


The investigation and research work covering the development 
of bond welding resulted in the development and perfection of two 


diffrent methods of welding in which practically the same results 
were secured. 


Carbon Arc Welding 


One method covers the use of the carbon arc process of welding 
which includes the use of reversed polarity, that is, the carbon 
electrode is negative, and in a general way represents the original 
method of bonding. However, instead of using scrap copper for a 
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filler or electrode, the use of a copper alloy welding rod is employed 
as a result of this investigation. The copper alloy rod, although 
practically pure copper, contains a combination of metals sufficient 
in quantity to act as a strong deoxidizer for both steel and copper 
and under the influence of the arc will thoroughly cleanse the steel 
surfaces thus assuring the pure copper coming in contact with the 
steel in the rail under the most favorable and practical conditions. 
This result in a homogeneous amalgamation of the two metals in 
a very desirable manner. The action of the copper alloy rod obvi- 
ates the possibility of burning or unnecessary gouging or penerat- 
ing the rail steel. In fact, the best bonds are produced where this 
feature is carefully avoided and where the arc is drawn along the 
surface of the rail steel close enough to secure the desired weld 
but still far enough away to avoid any direct penetration. The 


Fig 4—The usual type of resistance welder used 
in metallic arc method of bond welding 


action of the copper metal in the mold under the influence of the 
arc is very similar to that of copper when handled in a crucible 
which easily brings all the foreign substances and slag to the top, 
thus leaving the pure copper forming the bond terminal welded to 
the rail in a very efficient manner. 

The welding operation, when this particular method is em- 
ployed, consumes practically the same amount of time and otherwise 
compares closely with the metallic method of welding. It appears 
from considerable practical observations that this particular method 
is not only desirable but recommended in all cases where dyna- 
motors and similar low voltage generating units suppty the neces- 
sary electric current. It is found on regular bonding operations 
that a bond of the ordinary standard size and type can be welded 
in approximately two minutes’ time. This includes the entire opera- 
tion. There are many instances where conditions are sufficiently 
favorable to allow operators to install bonds in half the time but 
as a practical proposition it is found that the installation of bonds 
at a rate of two minutes per bond is satisfactory. One of the prin- 
cipal reasons for the operation requiring such a minimum amount 
of time is the fact that the copper melts and flows very much faster 
than other metals used for this purpose. 
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In bond welding it has been found very essential that sufficient 
current be available to keep the copper metal flowing uniformly 
and the metal in the mold always in a fluid state. Otherwise, the 
metal will chill and the cleansing and boiling action of the metal, 
which is highly necessary, is prevented. Practice has shown that 
it requires at least 200 amperes to successfully weld bonds with 
this method. 


RAIL WEAD 
BOND 


~BHGINNING OF WELD 


RETURN OVIE 


SAME TATH OF EILECTKODE 


MOULD "CARBON 


PLAN VIEW 


Fig. 5—Sketch showing path of metallic electrode in this type of bond welding 


Metallic Are Welding 


The second method of bond welding, and which in reality is the 
result of the exhaustive investigation and research work started 
about three years ago, resembles considerably the ordinary metallic 
method of welding but in reality it is distinctly different, as the 
welding metal must all be kept in a molten state and the length of 
arc changed from time to time to produce a good weld. 
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Fig. 6—Sketch showing method of welding Webber type bonds 


In practice the same molds and accessories are employed. The 
current is usually supplied by a light-weight portable resistance 
welder having sufficient capacity and regulation to meet the re- 
quirements. The usual practice being to use a 3/16” diameter cop- 
per alloy rod as a positive electrode which requires approximately 


3 
Corven 
| 


1923] ARC WELDED RAIL BONDS 13 


225 amperes to weld successfully and keep the metal in the mold 
hot enough to produce the important action heretofore explained. 

The following extract from an instruction sheet on this particu 
lar method of welding describes very clearly the actual method 
employed in handling the electrode when making a weld of this 
character. 


Process in Applying Bonds to the Head of the Rail 

Set the dynamotor or resistance welder to produce at least 225 
amperes. 

Strike the arc by touching the electrode to the top edge of the 
carbon forming the mold, at the end remote from where the bond 
head projects into the mold. Holding the arc about !,” to *y” long 
allows enough molten copper to deposit and cover the bottom of 
the mold, making sure that the deposited copper is welded to the 
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Fig. 7—Sketch showing the path arc should follow 


rail. A globule of molten copper will start to form in the end of 
the mold. The arc should be kept at the front edge of the globule, 
allowing it to enlarge until the entire bottom of the mold is covered. 
When the are reaches the head of the bond it should be shortened 
to not over %”. The bond head will start to melt, the molten 
metal being swept back tc the molten copper in the bottom of the 
mold. Proceed slowly over the bond head so that the strands will 
be melted down and all the strands caught. 

After the bond head is melted down, the are may be lengthened 
to %%” to 12” and played back and forth, and in and out from the 
rail over the entire head. This keep all the copper molten and 
insures that the head is well filled out in the back and properly 
welded to the rail. 


Procedure in Applying Webber Type Bonds 


Set the welder so that 225 to 250 amperes is obtained. Strike 
the arc by touching the carbon of the mold at the end remote from 
the bond head and hold 14” to 3” are. Play the are in and out as 
described previously until the bottom of the mold is covered. When 
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the bond head is reached, shorten the arc to 4” and melt down at 
least the lower half of the head before going back to fill in the head. 
Be sure to allow the are to melt back the lower edge of the bond 
head before it is covered with deposited metal. 

Fill in the mold, using a 34” to 10” arc,, which is played back 
and forth and in and out from the rail, as heretofore outlined. Each 
time you approach the bond head, shorten the arc to approximately 
14” to make sure that all the strands are melted down. 


Procedure in Applying Base Bonds 

Strike the arc by touching the carbon in the inside corner of the 
mold back of the bond head. Allow the are to advance along th: 
back edge of the mold and down across the outer end. Now plav 


Fig vraph showing usual laminated and single cable type bond welded to rail heads 


the arc back and forth across the base of the rail until the head 
of the bond is reached. Until the bond head is reached, a long arc, 
¥e” to 14” in length, should be held. Upon reaching the head, be 
sure that the lower strands are melted down before they are cov- 
ered with deposited metal. 

As soon as the arc touches the bond head, shorten the arc to 
12”. The short arc is always necessary to properly melt down the 
bond head. Before withdrawing the arc from the bond head, the 
lower half at least should be melted down. Fill in the mold the 
same as described under Webber bonds, using %%” to 14” arc, 
which is played back and forth and in and out from the rail. 


Mechanical Tests 

During the development of the process of bonding and the vari- 
ous types of bonds required to meet the conditions presented by 
the great numbers of different rail sections and track conditions, it 
was found quite necessary to make mechanical tests in order to 
definitely prove the principles involved and also to give some 
practical idea of the comparative life of the various bonds. 
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The mechanical method of testing bonds proved its importance 
throughout the study of the subject of the welding heat at the head 
of the bond where some engineers seem to be skeptical regarding 
the so-called over-heating or weakening of the strands or lamina- 
tions where they join the head or terminal. The mechanical tests 
have clearly proved that such bonds have a very much longer life 
when applied in this manner. In a number of test cases the 
weld bond possessed double the life of the same bond when applied 
mechanically. 

The machine used for mechanically testing bonds consists of a 
steel framework carrying two upright standards which were 


Fi - )— Photogra rh showing conditi ” of high carbon rails which were bonded and then subjected 
if 
to severe drop tests 


mounted on eccentrics in such a manuer as to give a maximum 
movement of 13/32” between the two members. The bonds were 
welded to pieces of steel and inserted between the two upright mem- 
bers and the machine operated continuously until failure occurred. 
This movment, being far in excess of that resulting from actual 
practice, was adopted in order to speed up the operation. A sum- 
mary of several of such tests show the following results: 

The seven-inch 4/0 laminated U-type bond failed at approxi- 
mately 5,100,000 vibrations. 

The nine-inch 4/0 Weber U-type bond failed at approximately 
2,403,000 vibrations. 

The eight-inch single cable U-shap bond failed at approxi- 
mately 1,830,000 vibrations. 

The eight-inch double cable U-shape bond failed at approxi- 
mately 1,050,000 vibrations. 

Considerable thought was given to the strength of the bond 
heads when subjected to shearing stresses such as are apt to be 
imposed upon bonds welded to the head of rails. Several methods 
of testing this feature of the welded terminals were tried with vary- 
ing results, but the most valuable of those tried was a simple shear 
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test to show the relative strength of the weld and the copper form- 
ing the bond terminal. This test clearly indicates the exceptional 
merits of the weld and adjacent metal, as the load required to 
shear the bond terminals ran well over 30,000 Ibs. 

The use of the sleeve or petticoat at the junction of the bond 
head and bond itself was shown to be very valuable as a result of 
these tests. This petticoat and the head on the bond itself holds 
the strands and laminations in one solid mass which prevents the 
welding heat from attacking or over-heating any individual strands 
and at the same time throws the bending action that would other- 
wise concentrate close to the bond head, back into the flexible 
portion of the bond where it is most readily dissipated. This par- 
ticular feature was found to add practically 25% to the life of the 
bonds. 


Fig. 10——Photograph showing condition of high carbon rails which were bonded and then sub- 
jected to severe drop tests 

Electrical Tests 

The question of securing reliable resistance tests of welded 
bonds has not been an easy matter to solve, as it was found, after 
a preliminary investigation, that there are very few if any instru- 
ments available which could accurately and reliably measure the 
resistance in the contact between the welded copper bond head and 
the rail steel. The following is a brief summary of resistance tests 
which include one-inch of steel at each bond head and the bond 
itself. No fish plates or mechanical connections were used, so that 
these results show the actual resistance of the bonds enumerated. 


Ohms 

Resistance 
Six-inch 4/0 laminated U-shaped bond 0.0000389 
Seven-inch 4/0 laminated U-shaped bond 0.0000493 
Sight-inch Webber type bond 0.0000454 
Eight-inch single cable U-shaped bond 0.0000516 
Eight-inch multiple cable U-shaped bond 0.0000484 
Fight-inch 400,000 c.m. single cable U-shaped 0.0000260 


These results have been checked from time to time and a recent 
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report of a preliminary test conducted by one of the most reliable 
testing laboratories in this country checked these values indicating 
that these figures, while exceptionally low for resistance of welded 
bonds, are correct. 


Miscellaneous Tests 


The most careful consideration was given to the study and ex- 
amination of the rail steel at and adjacent to the point of weld. 
It was found that the idea of securing even the usual penetration 
when making a bond weld was not only decidedly wrong from a 
bonding point of view, but created a condition that proved dis- 
astrous when mechanical tests were conducted to determine the 
effect on the rails. The cutting or arc penetration of the rail sec- 
tion produced an objectionable condition at this point which would 
be liable to cause failure in the rail section. 

The improvement in the process of welding, as outlined herein, 
quickly eliminated this feature, by making it both unnecessary 
and improper to penetrate the steel with the arc or electrode, but 
to carry the tests to a definite conclusion it was necessary to make 
many tests to establish this fact. 

Among many other tests, which were conducted to prove that 
the welding of copper bonds to steel rails with these processes of 
welding did not weaken or materially effect the structure, were 
severe drop tests made on extra high carbon tee rails by dropping 
the 2,000-lb. tup so as to strike the rail at the point of weld. No 
failures or indications of any objectionable character were in evi- 
dence at the conclusion of these tests. The rails were removed 
from the testing apparatus because of the excessive vertical de- 
flection which caused the rail to rest on the bed of the machine. 

Aside from the area heated during the welding, which was in 
no way found objectionable, there was no evidence of any change 
in the structure of the steel] or the rail section itself. A most thor- 
ough study of all the factors were conducted to definitely establish 
this fact and the results were most gratifying, as a glance at the 
drop tests and the photo-micrographs will show. There is a large 
volume of data available on this particular subject which is very 
interesting and instructive but far too voluminous to be included 
in this article. 

The exhaustive studies and research work which necessitated 
not only electrical and mechanical tests but a very thorough metal- 
lurgical and micro-photographic analysis as well, have revealed 
some very beneficial information which is being further investi- 
gated, and as soon as sufficient conclusions can be drawn, to make 
use of the practical application of this information, additional 
data can be expected. The additional research work in progress 
will probably have very little bearing on the results or character 
of the present processes of welding or the bonds in use, but it is 
expected that it will be of exceptional interest to engineers and 
specialists who are interested in the technical problems involved in 
such a thorough investigation. 
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WELDED RAIL BONDS 
H. H. FEBREY + 


The method of attachment of copper bonds to steel rails is a 
problem which has engaged the attention of engineers since rail 
bonds were first required. ‘Various mechanical means of attaching 
bonds have been developed, some remaining in extensive use today, 
others have passed into the discard. Whether or not mechanical 
types of bonds will reach complete obsolescence is a question. Some 
of them possess inherent advantages which it will always be diffi- 
cult to overcome with welded bonds. 

The soldered bond came and went and the brazed bond followed 
in logical sequence. By brazed bond I mean one which is applied 
with brass instead of soft solder, in a manner analogous to 
soldering. 

As soon as arc and gas flame welding were commercialized 
effort was made to apply rail bonds by welding. For several years 
development work in this direction has been going on. The changes 
and improvements in the art have been rather rapid and in the arc 
welding field the designs of bonds have been changed frequently 
within the last few years. I think it safe to say that all welded 
bonds are now highly developed, but they have not reached per- 
fection. 

As it will be necessary to describe the makeup of various bonds 
I will explain the terms used for the parts composing a rail bond. 
The terminals are the parts which are fastened to the rail. The 
conductor is the copper cable or wire connecting the terminals. 


FLAME WELD BONDS 


As bonding by gas flame welding is comparatively simple I 
will cover that first. The early fame weld bonds had drop forged 
copper terminals welded to the bond conductor. The terminals 
had a welding surface considerably larger than the cross section 
of the bond in order to provide adequate mechanical strength. The 
first bonds were attached with copper as the welding metal. As 
the copper terminal was expensive, a steel terminal was devised 
which was fastened mechanically to the copper bond conductor, 
the end of which extended into an opening in the welding surface 

It was soon found that copper as a welding rod produced poor 
results. The copper oxidized excessively and gave the attaching 
metal low mechanical strength and low electrical conductivity. A 
deoxidizer in one form or another was required and it was found 
that this could be incorporated in the welding rod with facility. 
Copper alloyed with 1.00% to 4.00% tin and .01°%, to .04% phos- 
phorous gives excellent results. A dense and homogeneous metal 
can be deposited, the metal flows evenly and is easily worked in the 
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flame. This alloy has a strong affinity for steel and “takes” as 
readily as solder when the steel is at proper temperature. 

The steel terminal flame weld bond is used very widely. How- 
ever, there are some who prefer the more expensive copper ter- 
minal which bonds are slightly lower in resistance. 

The advantages of the flame weld process are mainly the obvi- 
ous ones; adaptability to new construction, where there is no elec- 
tric power, and to high voltage trolley systems. There is also the 
advantage of simplicity of the welding process compared with the 
present stage of arc welding development. The method is rapid, 
the form of bond cheap, clamps for holding the bond in position on 


COPPER 


FIG. 1-COPPER TERMINAL FLAME WELD BOND 


the rail are of little importance, and the bonds can be applied to 
any part of the rail with equal facility and without the aid of molds. 

There is the disadvantage of exchange of tanks and the handling 
of them on the job. Also the gas is expensive compared with 
trolley power. 

There are a number of 600-volt trolley roads that use flame weld 
bonds in preference to arc weld types, mainly because they.are able 
to obtain better results with the labor at their command. 


Arc WELD BONDS 


I believe it will be interesting to follow the actual commercial 
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development of arc weld bonds in sequence, as this will explain 
why the various kinds have been used. 

Arc weld bonds have not been as easily developed as flame weld 
bonds. I will discuss them in the order of their commercialization. | 
The first bond for arc welding employed a carbon electrode and 
an all-copper bond. A carbon mold was required in order to 
retain the attaching metal which was puddled by the carbon arc. 

This general type of arc weld bond is still active commercially. 


At first the attaching metal was pure copper and scrap copper wire 
: was relied upon largely. Trouble with respect to the rapid oxida- 
7 tion of the molten copper was experienced, the same as was the 
4 case with flame weld bonds. The flux bearing copper alloy, which 

was developed for flame welding, did not seem to improve the 
4 


| FIG. 2-STEEL TERMINAL FLAME WELD BOND 

character of the attaching metal when fused in the carbon arc. 

Recently a copper alloy has been developed which is self-fluxing 

when fused in the arc, and this has greatly improved the applica- 

' tion of copper terminal bonds with the carbon arc. 

- The bonds for carbon are welding require negative polarity of 
the electrode, consequently a dynamotor or motor-generator set 
must be used because of the positive trolley. The track is normally 
negative. A portable rotary type welder for the usual 500/650 volt 
d. c. system is heavy and expensive. It has, however, the decided 
advantage of low open circuit voltage at the generator. The ballast 

ae resistance type welder is not suitable for carbon arc welding. 
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One of the advantages of the carbon are method of attaching 
bonds is the fact that the bond conductor can be welded directly 
to the attaching metal, thus making a simple type of arc weld 
where the parts to be joined are each welded to the attaching 
metal. The form of bond for carbon arc welding is simple, re- 
quiring some form of mechanically attached retaining member on 
the ends of the bond conductors to hold them together and to hold 
them conveniently in a mold designed for the purpose. 


FIG. 3-BOND FOR CARBON ARC WELDING HAVING A STEEL 
ENCASED TERMINAL. 


Naturally it was desirable to apply bonds with the metallic arc, 
but attemrts to do this with a copper electrode and all-copper bond 
did not prove successful The copper oxidized and would neither 
fuse to the rail nor to the bond. 

It was logical to assume that if a steel plate could be attached 
to the copper bond, a steel electrode could be used and a bond ob- 
tained for metallic are welding. Such a bond wou!d permit of the 
use of any type of welding machine, resistance or rotary and posi- 
tive or negative electrode polarity. 

The first bonds for metallic arc welding had a steel plate brazed 
with brass, to the copper bond. The steei plate was about 1/16” 
thick. Adjacent to this was a layer of brass and then the copper. 
Obviously it was difficult to weld the steel plate to the rail without 
melting the brass by the welding heat. Obviously a bond. of this 
character had to have an inseparable union between the copper and 
the steel in order to be successfully welded with a steel electrode. 

Consequentiy the next development was a bond in which the 
steel jacket was directly welded to the copper in the factory. These 
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bonds are in extensive use today. In the manufacture a hollow 
steel box is first formed and the end of the copper cable is inserted 
part-way into the hollow box. With the aid of a carbon are the 
hollow steel box is filled with copper, thus uniting the cable and 
the steel jacket in a homogeneous mass. In the earlier bonds of 
this type the steel boxes were filled with pure copper which was 
oxidized by fusion in the carbon are. In order to refine this meta! 
the terminals were re-heated to a rather high temperature and 
then drop-forged into finished shapes. This heat treatment refined 
the cast copper. The development of copper alloy filler metal which 
is self-fluxing permitted of making the steel jacketed bonds by 
filling the steel boxes either by carbon electrode welding or using 
the copper alloy as a metallic electrode. These alloys produce dense, 
homogeneous metal fused in the arc. I will mention the copper 
alloy more specifically further on. 


FIG, 4 BOND FOR STEEL ELECTRODE WELDING. 


The advantages of the steel jacketed arc weld bonds are that 
the terminals can be shaped in any convenient manner in the fac- 
tory to suit the various positions in which they are to be attached 
to the rail. From the railroad man’s standpoint the bonds have a 
decided advantage in simplicity of weld and lack of special appur- 
tenances requisite in applying the bonds. The steel weld is simply 
another steel weld, the same as the men are making on rail 
joints and rail repairs, and the only accessory is something in the 
way of a clamp to hold the bond in position while it is being welded. 
Often no clamps are used. The bonds can be attached with equal 
facility to any portion of the rail without the aid of molds. 
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The chief objection to these bonds is the indirect method of 
attaching a copper bond to a steel rail. There is a weld between 
the copper cable and the terminal, and a weld between the stec! 
jacket and the rail, which has to be made in the field. A relative) 
large area of weld is necessary in order to compensate for the <i! 
ference in conductivity between the steel and the copper. 


An important development in the matter of are welding rail 
bonds is the copper alloy electrode. One of these alloys is copper 
containing approximately 0.25% silicon as a reducing agent. When 
fusing this alloy in the carbon are or fusing the alloy as an elec- 
trode, the metal flows easily and the reducing agent floats out the 
oxide on the steel surface and whatever oxide tends to form on 
the copper surface. It is not necessary to take the ordinary oxide 
off the rail. All that is necessary to do is to remove the dirt with 
a wire brush. At the present stage of development it is necessary 
to puddle this alloy in order to get the proper fluxing action. It 
therefore works best with a carbon arc using a mold to retain the 
molten metal, or using a high are current when used as a metallic 
electrode and puddling the metal in a mold. If an attempt is made 
to use the alloy electrode similarly to a steel electrode and hold the 
arc current down to a point where the metal will not run away, it 
does not seem to have time to flux out the oxides and effect good 
fusion on the surfaces to be joined nor homogeneity of the deposited 
metal. 


As to the effect of welding on the rails, laboratory tests have 
been contradictory and experiences in practice are overwhelmingly 
one-sided. The number of actual rail failures which have been 
attributed to bond welding are insignificant as compared with the 
millions of welds which have been made and are giving no trouble. 

Opinion varies considerably as to what part of a rail is affected 
most. Many are skeptical about welding to the rail web, and some 
likewise regarding the rail base or flange. The least objection 
seems to be to welding on the side of the rail head, near the end 
of the rail. 


Two interesting installations of are welding bonds applied with 
steel electrode were made on electrified steam railroads two and a 
half years ago. These installations were made for the express 
purpose of testing the effect of the welding on the rails under actual! 
service conditions. The conditions prevailing on one road are 
high speed, frequent trains and heavy equipment, mostly all Pull- 
man cars. On the other road the traffic is equally heavy but the 
speed is slow. The weight of equipment is very heavy, mostly coal 
cars. Welds were made on the head, web and base of the rai! and 
the rails were 130 lbs. per yard with continuous type joints. The 
rails bonded have been in service since early 1921 and frequent 
inspections have not revealed any faults whatever. 


On another electrified steam road where the traftic is heavy and 
frequent, but equipment lighter (mostly multiple-unit trains), 
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similar bonds were installed about the same time, both on the 
head and the web of old 100-lb. rails. There was a failure of one 
rail end at the joint where the bond was welded to the web of the 
rail. Inspection of the fracture indicated to me that there was a 
flaw extending the full height of the web where the failure oc- 
curred. However, this one failure has made the engineers of that 
road skeptical of welding to the rail web. It is quite probable that 
this rail would have broken had a hole for a mechanical type bond 
been drilled where the weld was made. 

The welding of rail bonds presents an unusual problem to the 
welding engineer. There is a repetition of a large number of 
small welds to be made under widely varying conditions. The 
apparatus for applying the bonds must be adapted to the condi- 
tions as found and readily portable. The operators assigned to 
this work are often hastily trained and of mediocre ability. It is 
the exception to have what the welding engineer would consider 
a trained welder available for rail bonding. Consequently, the 
development has to be along lines which embody simplicity, so that 
the average and below average workman can make satisfactory 
welds. It is necessary to make rail bonds as nearly fool-proof as 
possible in the matter of their application. 


Obviously it is not easy to obtain perfect welds in applying 
rail bonds with a ballast resistance type of welder. The open cir- 
cuit voltage is very high, producing an injuriously high arc voltage, 
unless the operator is very careful, and the electrode is positive. 
The resistance type welder, however, has so many advantages 
which appeal to the railroad man that its use is extensive and seems 
to be growing. This is particularly true in coal mines where rail 
bonds are required extensively and the arc weld types of bonds 
are now used in large majority over mechanical types. The re- 
sistance welder is cheap in first cost, very light in weight, of small 
dimensions and requires practically no maintenance. It is only 
extreme carelessness which causes damage to this type of welder. 

Unlike most welding problems, in the case of rail bonding the 
work has to be adapted in large measure to the apparatus for in- 
stallation. Fundamentally, copper and steel must be welded to- 
gether somewhere in the process, whether at the factory or under 
the adverse conditions found along the tracks. There appears to 
be an equal chance of development of copper terminal bonds welded 
to the rail with copper or other alloy, and steel encased terminal 
bonds which are applied with steel electrodes. I believe that much 
depends upon the development of electrodes for both steel and 
copper welding. It is desirable from the users’ standpoint to have 
a bond which does not require a separate mold to be used with the 
bonds. If an electrode can be developed which will work satisfac- 
torily at a high are voltage, positive electrode polarity, and not 
requiring the use of a separate mold, it will be a great boon to the 
rail bonding art. 
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A RESUME OF RESISTANCE WELDING DEVELOP- 
MENT FOR THE PRESENT YEAR* 


H. A. WOOFER * 


The branch of electric welding known as Resistance Welding 
has not experienced any basic change, patent, or discovery during 
the last year, although experiments and research have been car- 
ried on constantly. These have, however, increased the technica! 
and special knowledge of the art in practically al! directions, but 
especially in the spot and butt welding fields. 


SPot WELDING 


Taking up spot welding first, the present tendency is towards 
power-driven, automatic machines, especially for heavy work. The 
reason for this is apparent. Heavy work requires heavy pressur« 
ranging from 2,000 to 10,000 pounds per square inch to complete 
the weld. If this pressure must be delivered by the operator him- 
self by means of.a foot lever, he will soon grow tired; neither can 
he be expected to exert exact ly the same pressure on each success- 
ive weld. The power-driven, automatic spot welder, however, does 
not grow weary, and when once adjusted for pressure, current and 
cutout, operates continuously in exactly the same manner, making 
all welds identical, and leaving the operator free to handle the 
work only. 

Ten of these large power-driven, automatic spot weldérs are 
now in operation in different classes of work. It might be interest- 
ing to mention their uses. Two are used in making cutter bai 
for harvesters and mowing machines, two in making special 
machinery, two are making automobile disc wheels, one is making 
steel burglarproof sates, on is making paper mill machinery, one 
is making gear covers for railway motors, and one is used for 
experimental purposes in a laboratory. They are rated at 100 
K. V. A., 75 K. W., and are canable of welding a maximum thick- 
ness of 4” of stock. They are equipped with both a time cam 
cutout and a movement or tong type cutout. If, for any reason, 
the movement of the upper die is not sufficient to cut off the cur- 
rent before the pressure is released, the timing cam cuts it off 
automatically, thus prventing burning of the dies or work. 

Another step in advance for the past year is the development 
of a small but very powerful spot welder, rated at 25 K. V. A., 20 
K. W., which may be either foot or power operated and has a 
maximum capacity of %%” thickness of steel, or %” thickness of 
brass or aluminum. 

BUTT WELDING 


In the butt welding, the greatest interest during the year has 


* Paper read before Boston Section, A. W. S., Oct. 1923 
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been shown by the large railroad systems of the country, in 
welders to safe-end locomotive flues and superheater tubes. A 
few of the railroads have been repairing their flues and tubes in 
this way for ten or twelve years, but within the last year, the 
Grand Trunk, Lehigh Valley, Illinois Central, Duluth & Iron 
Range, Atchison, Topeka & Santa Fe, the Chicago Junction R. R., 
the Japanese R. R., and the Manila R. R. have all bought electric 
welders for safe-ending locomotive flues and tubes. To meet this 
sudden demand, a new welder has been developed for the welding 
of tubes, flues and pipes exclusively. It is equipped with air- 
operated clamps, hydraulic, or oil, or hand pressure pushup, as 
desired, with an electric regulator to suit various sizes of work 
from 2” diameter to 514” diameter. 

Another development of the year is an automatic rim welder 
for the rapid production of automobile rims. The actual welding 
time is from .6 to .8 second. The foot-controlled, air-operated 
clamps make it possible to insert and remove the rims in a re- 
markably short space of time, so that it is possible to weld from 
10 to 20 rims per minute. Formerly five rims per minute was the 
maximum production. Now production can be increased four-fold. 

Another development is the practice of installing oversized 
transformers in Butt Welders to enable them to do bigger and 
faster work. There are many advantages, and only one disadvan- 
tage in- this practice. For example, a Butt Welder was recently 
sold to flash weld *4.” diameter hand cranks for automobiles. The 
welder was of 15 K. W. capacity and made the welds in an actual 
welding time of six seconds each. This, however, was not fast 
enough to meet the production demands of the customer. Accord- 
ingly, a 50 K. W. transformer was installed in a welder, which 
welded the cranks in two seconds. The*advantages in this case 
were increased production, a stronger weld, and a decreased 
amount of burr or extrusion left on the crank to be removed. 

The disadvantage of this and all similar cases is the larger 
standby charge made by the local power company to cover 50 K. 
W. instead of 15 K. W. of power installation. But the old law, 
“You can’t get something for nothing,” applies to electric welders 
as well as to all other machinery. To do the same size work in 
half the time requires twice the kilowatts. The reverse of this 
statement is also true. Hence, it becoms a matter of production, 
and local power conditions, whether a large or a small welder should 
be installed in any given plant. 


The tendency, however, is for more rapid production, regard- 
less of standby charges. Perhaps the most interesting welding 
proposition of the year arose in connection with cylinder heads 
for Liberty Motors for the Aviation Branch of the War Depart- 
ment. It requires twelve of these heads for each engine. There 
are sometimes as many as four engines used in a single army 
plane. There are two intake and two exhaust port lugs on each 
head. It formerly required from 12 to 14 hours to gas weld or 
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are weld these port lugs onto one head only, and there was always 
trouble from leaks around one or more ports. Finally it was de- 
cided to drop forge the head in two halves with two port lugs on 
each half and try welding them together along the center axis by 
the butt welding process. The actual area to be welded was 7!, 
square inches of drop forged high carbon steel. The heads were 
welded in from 2 to 2!% minutes each, and after being given an ex- 
haustive laboratory test by the War Department the work was 
pronounced first class. 

You will note the enormous saving in time that would result 
in case of another war in building aviation motors—nearly 14 hours 
per head on from 12 to 48 heads for one aeroplane only. 

Very little thought or time has been given to the art of seam 

welding during the year, although there is a wide field for its use. 

There has, however, been one new and interesting application of 

a seam welder recently and that was for seam welding the ends of 

.010”x8” steel sheets together into one continuous sheet. The sheets 

are then run through a multiple slitter which cuts them into strips 

or ribbons 14” wide. These ribbons are then woven into very 
handsome but inexpensive fruit baskets and used for the marketing 
of strawberries, grapes, etc. 

There is a large and varied assortment of samples constantly 
before us, all the way from raising and salvaging ships sunk during 
the war, by welding under water—to the welding of keys and let- 
i} ters on typewriter levers and stems on watch cases. It is for the 
welding engineer to decide and impartially advise whether or not 
the propositions are feasible. It is needless to state that many of 
| them are not. 


FLUXES AND THEIR FUNCTIONS IN ELECTRIC 
ARC WELDING* 


J. CALDWELL + 


Character of a Weld 
The microscope shows that in a good weld the crystal grains 

of the separate portions have interlocked either with each other 

or with grains of a mixture or combination of both. That is, the 
union across the weld is of the same intimate character as that 
if between the crystal grains of a solid piece of metal. If the sep- 

arate pieces were of the same description it should not be possible 
to distinguish any sharp line of transition. 
| The structural character of a weld is well shown by a section 
across a weld between two metals which do not alloy, say brass 
and iron. The microscope shows that brass grains interpenetrate 
between the iron grains, and iron grains interpenetrate between 
the brass grains (crystals). They interlock like the portions of a 
jig-saw puzzle when properly assembled. 


+ Paper presented before the Nov. 1923 mecting, New York Section, A. W. S 
+t Managing Director, Alloy Welding Procces, Ltd. 
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This definition of a weld by its structure does not limit the 
methods by which it is produced. The intimate union which it 
implies may be brought about by fusion, when the contiguous 
liquid portions intermingle, or by pressure, when the contiguous 
surfaces are sufficiently plastic to allow of the pressure forcing 
the surface grains into intimate contact. In practice heating to 
the fusing point, or to a temperature near that point at which 
the metal is plastic, is a part of every welding process. 


Fluxes in Steel Manufacture 

In modern methods of steel manufacture fluxes play an essen- 
tial part. Roughly it may be said that the steel maker starts with 
pig-iron, etc., as his raw material, that he treats this crude iron 
by a fusion process, and while it is melted acts upon it with re- 
agents which have the effect of removing certain constituents and 
adding others, so that the original crude iron of a certain composi- 
tion is converted into a steel of a different composition. 

Some of the reagents used are of the nature of fluxes. A very 
simple example occurs in the basic process of making mild steel. 
The special object of the basic process is the removal of phosphorus 
from the iron, and the fluxing material used is lime, generally in 
the lining of the furnace. The phosphorus is oxidized and the re- 
sulting phosphoric acid combines with the lime to form (with 
other things) a fusible slag. 

In other processes of steel manufacture fluxes of known com- 
position are allowed to act upon the metal for certain times at 
certain temperatures, and sometimes two or more different slags 
are used and removed in succession to bring about the desired 
changes in the composition of the steel. 

The steel maker would be lost if he were deprived of the use of 
the fluxes and slags as reagents, or the vehicles of reagents in the 
chemical processes conducted at high temperatures which change 
the raw material into the finished product of desired composition. 


Fluxes and their Functions in Arc Welding 

In welding ferrous metals by the metallic arc process the ad- 
jacent edges of the pieces which are to be joined are fused by the 
heat of any electric are of which they jointly form one pole, and 
metal is added by projection from the highly-heated end of the 
other pole of the arc, generally distinguished as the “electrode.” 
This electrode is a wire or rod of ferrous metal. The junction is 
therefore made up of metal from three sources, two of them the 
pieces to be joined, the third the electrode. The pieces to be joined 
may be called the “work.” 

Both the work and the electrode are raised to a temperature 
at which oxidation is rapid in the presence of air. The electrode 
is hotter than the work, and if bare will be oxidized rapidly for 
seme inches above its points. The surfaces of the work and of the 
metal already fused also oxidize. The oxide is a danger to the 
soundness of the weld, as it may mix with the fused metal and 
fail to separate before the metal solidifies, forming an inclusion. 
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Covering the electrode with some material which shields it 
from the air until it is on the verge of the are prevents much of 
this oxidation and saves electrode metal. 

But a flux covering does more than this to prevent oxide inclu- 
sions. Following the smith’s use of sand, it may have such a com- 
position that it fuses and combines with iron oxide to form a light 
fluid slag, which floats on the molten weld metal and does not get en- 
tangled with it. This fluid slag also protects the hot work and 
weld metal from the air, and by combining with any oxide pres- 
ent, cleans the work surface and promotes the union of the metal 
projected from the electrode. It acts in at least three ways:— 

1. In its solid form on the electrode it protects the 
electrode surface. 

2. In its fused state it protects the work and weld 
surface. 

3. It picks up whatever oxide is formed and makes 
with it a light mobile slag. 


It may act in yet another way to the same end. The flux cov- 
ering may be volatilized wholly or in part by the heat of the arc, and 
form a vapor sheath or jacket around the arc, preventing access 
of air to the iron passing through the arc. 

That a suitable covering does provide such a jacket external 
to the arc proper has been proved by experiments with alternating 
current welding, when it is possible to view the arc at different 
current phases. 

So the first important function of a flux covering is to reduce 
the liability of oxide inclusions in the we'd metal, partly by re- 
ducing oxidation, partly by confining oxide to the surface, and 
partly by cleaning the surface of the work in advance of the ar- 
rival of the projected electrode metal. 

It is important that a weld shall be homogeneous in respect 
to chemical composition and mechanical properties with the mate- 
rial of the work. For if it is not homogeneous in these respects, 
the weld will resemble in greater or .esser degree a soldered or 
brazed joint consisting of a zone of material from the pieces which 
it unites. It is therefore desirabie that the weld metai derived in 
part from the electrode shall be similar to the work metal. 

Experience shows that this desirable s mijar.'ty cannot be se- 
cured by using as the electrode metal of the same composition as 
the work metal. In passing across the are the composition is 
altered. Carbon and silicon, for example, are removed, and as a 
general rule the metal deposited from an electrode of any ferrous 
metal is more nearly pure iron. This may be satisfactory for welds 
in wrought iron or low carbon mild steel, but is not so for, say, 
cast iron, manganese steel, or any alloy steel in which it is im- 
portant that either the mechanical strength or the chemical prop- 
erties of the weld metal shall be substantially equal to those of the 
work metal. An example is stainless steel; a weld which will rust 
is unsatisfactory for uniting two pieces of such steel. 
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It therefore appears that if the weld is to match the work the 
necessary qualities must be imparted by reactions with the flux 
material. This is the same kind of problem as the steel maker has 
solved by the use of fluxes or slags, and it is found by experience 
that it can be solved by the proper composition of the flux cover- 
ing of the electrode. 

So another function of the flux covering is to provide a slag 
reagent to impart to the weld the desired composition. 

Another function operates in welding with alternating cur- 
rents if the covering gives off a vapor which remains gaseous at 
lower temperatures than iron vapor and has some conductivity. 
A sheath of such vapor maintains a conducting path through which 
current passes while the voltage is too low to maintain an iron 
arc. It is certainly the case that with such a covering alternate 
current welding is much easier and less subject to the breaking 
of the arc than with a bare electrode. 


Flux Covered Electrodes for Are Welding 

The general result of much experience is that for welding 
iron and steels it is useless to adapt the composition of the metal 
electrode to that of the work. The only way to be sure of getting 
a weld metal of any desired composition is to adapt the composi- 
tion of the covering. 

For example, when welding cast-iron the coating carries car- 
bon in such a form and quantity as to combine with the metal in 
the required manner, with the result that a microscopic examina- 
tion of a section across a weld shows a structure which is that of 
a typical cast-iron. Similarly with alloy steels, the desired com- 
position is produced by flux reaction with the deposited metal. 

Why certain constituents are lost from the meta! and retained 
in the flux is rather conjectural. Probably it is because the cov- 
ering material does not pass through the arc but goes across in a 
zone or jacket which is at a lower temperature. 

It should be said that the steel makers’ practice and results are 
by no means directly applicable to the composition of arc-welding 
fluxes. 

The conditions under which the reactions occur are very dif- 
ferent. 

In the furnace, the atmosphere—reducing or oxidizing as re- 
quired—and the temperature of the metal, are under control, the 
time during which the metal and the flux or slag are in contact 
may be minutes or hours. 

In arc welding the metal passes from a temperature much 
higher than that of any furnace to the temperature of solidification 
in a few seconds as a maximum. The reactions must therefore be 
very rapid. The high temperature doubtless favors rapidity, but 
the reactions may not be similar. 

Besides the desired composition of the weld metal a flux cov- 
ering has to satisfy other requirements, such as, for example, 
those of a mechanical nature. 
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The covering must not melt too easily or it will run off the 
metal, leaving bare metal for some distance from the are. and 
will not get to its proper place as slag. 

It must not have too high a melting point or it will “cup,” 
project beyond the fusing end of rod and embarrass the operator 
by deceiving him as to the arc length. 

The covering should fuse level with the rim of the crater of 
the rod. Electrodes for “overhead welding” have to be specially 
made. 

One which works well with the work undermost may behave 
very badly where the work is above. 


Discussion of Paper On Fluxes and Their Functions * 
C. J. HOLSLAG * 


Electric Arc Welding Electrodes are of two general types. 
namely, Bare Wire or Flux Coated. Of the bare wire electrodes 
there are two general types—pure iron and mild steel. 

Forgetting for the moment the various types of alloy steel 
electrodes the pure iron electrode was the origina! electrode, ana 
up to the World War was the only one universally accepted as 
being good. The War, however, proved that mild steel electrodes 
were the equal of the pure iron, and each at the present time is 
greatly used. 

Of covered electrodes there are two general types: heavily cov- 
ered slagging electrodes and thinly covered fluxing electrodes and 
combinations of the two. Heavily coated slagging electrodes aim 
to retain the metal in its purest form by protecting the arc stream 
and deposited metal by a heavy slag covering. 

The flux electrodes aim to protect the metal by chemical re- 
agents which attack the undesirable elements and develop an inert 
gas around the flame to protect from further oxidation or com- 
bination with nitrogen. Combinations of the two contains the 
fluxing materials mixed in with the slagging envelop, which would E. 
appear offhand to be the best arrangement. However, as it re- a + 
quires great skill to properly deposit one of these heavily slagging os 
electrodes and as the method used with these types of electrodes 
is far different from the ordinary wire or thinly flux-coated elec- 
trodes, its use is not so prevalent in this country. There is also 4 
great deal of chipping and brushing necessary, whereas with the 
flux-covered electrodes no such chipping is necessary. 

All slag eiectrodes are, practically 95°, silica or silicate, while 
flux electrodes have very little of this absolutely inert mass and 
are mostly made up of deoxidizing and quieting reagents, such as 
calcium or sodium compounds. Electrodes for special use, such 
as for non-ferrous welding and alloy steels, contain special reagents 
in the flux to produce the desired fusion. 


* Presented at the Nov. 1923 meeting, New York Section, A. W. S 
+ Chief Engineer, Electric Are Cuitmge & Welding Co 
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Each type of electrode is best for some particular use. There 
is no shop which cannot advantageously consider the use of all 
types of electrodes. No matter what type of electrode, the weld 
is a casting and should be treated as such and no casting can ever 
equal a rolled member and only disaster can follow the use of a 
weld that will be expected to equal all the properties of a rolled 
plate. 

Flux-coated electrodes can be used the same as bare electrodes, 
that is, in any direction or any combination of beading, weaving 
or padding, but bare electrodes cannot in general be welded ver- 
tically downward, although flux-coated can be so welded. Heavily 
coated or slagging electrodes can only be used in one way success- 
fully, and that is weaving from side to side as advance is made. 
This is hard to describe, but the main idea is to keep the slag in 
back of and to one side of the puddle so that it is not included in 
the weld. 


FRAME WELDING* 
A. F. DILLON 


A locomotive frame, the vital member of the immense piece of 
power concentrated in our modern locomotive must withstand the 
shocks and strains which it is continuously subject to while in 
operation. Imagine the amount of strain put on a frame while a 
locomotive is moving a train of 100 loaded cars and possibly on an 
irregular track. With continuous vibration, twisting and hammer- 
ing that a frame gets it’s a wonder that they stand up as well as 
they do. 

In the various mechanical magazines published for the railroad 
industry I have read many articles on the welding of locomotive 
frames. Some advocate the use of thermit; some electric are and 
some acetylene or oil, but no matter which process is used it is essen- 
tial that there be a system in the preparation and execution of the 
weld. Fai ures in frame welds may be contributed to some of the 
following facts: 

Incompetent welders. 

Improper expansion. 

Failure to retain the required heat. 

Poor welding rods and the releasing of the spreading 
device too soon. 

The hardest job a welding foreman has in preparing a frame 
for welding is getting the locomotive stripped to make it convenient 
for a welder. Most of the other foremen in the shops cannot see 
the necessity in removing the castings, rods, etc., surrounding the 
break in the frame; but nevertheless it is absolutely impossible to 
expect a welder to produce his best if he has to work in a cramped, 
unhandy position. He is the man whom you depend on for a suc- 


= Presented at the Oct. 1923 meeting, Chicago Section, A. W. S. 
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cessful weld, therefore, make it as convenient as possible, so that 
he will have a free movement of his body and arms. 

If it is necessary to remove a cross brace, stiffner or a radius 
rod, it is cheaper to remove them than make a second weld. 

During my experience in welding I have been ordered to weld a 
frame through the spokes of wheel and the results were what you 
or I would expect,—a failure. The making an important weld 
through a knot hole is a poor road to successful welding. 

Systemizing your frame jobs means that every man must know 
what to do and when to do it; the helper must have the oxygen, 
acetylene, welding rods, flatters, fullers and sledges on the job and 
see that the outfits are in readiness at all times. 

We weld frames of all description, ranging in size from 3x4 to 
8x8. The condition existing in every frame weld is not the same. 
There may be frames of a 4x4 dimension that require more expan- 
sion than some other frame of the same dimension, due to its loca- 
tion or relation to some section of the locomotive where more 
strength is required at one point than at another. When a frame 
is hard to expand because of its location or it being closely coupled 
at the point of fracture, it is very necessary that the expansion be 
increased a small amount to take care of the contraction which 
takes place more rapidly when the spreading device is taken out. 

The following table is used in spreading. The figures are ap- 
proximate and based on our experience: 


3x4 Sections 


4x4 “a 5/16 
4x41, 11/32 
4x5 
5x6 13/32 
6x8 7/16 
6x9 ae 
8x8 


The most convenient method in spreading a frame is with the 
use of a frame spreader. This pattern of spreader can be used in 
most any part of the frame and when once in position it is an easy 
matter to get the spread and hold it on ordinary frames. 


Our method is to cut a slot in the frame at the point of the frac- 
ture to enable the use of a wedge, then by alternating the sledging 
first on the wedge in the frame, then in the wedge in the spreader 
it is not hard to get the required expansion. In cases where it may 
be hard to hold the expansion the use of two spreaders will eliminate 
troubles. 

The use of jacks are not so sure a way to hold the expansion, 
where in cases it is necessary to keep the jacks in the frame for 
several hours. Our experience has been that with th strain placed 
on the jacks they will give a little during the time the frame is 
spread until it is welded. 
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The next procedure in the preparation of the frame is to cut the 
two sides to a double vee, after which it is chipped. A piece of %% 
spring steel is then tacked at the bottom of the frame to serve as 
a foundation to start the weld. One of the main items in frame 
welding is that of holding a welding heat during the entire welding 
operation. This very problem has been the cause of many failures. 
The use of 114” lagging, tightly wired to the frame, will hold more 
heat than any other method I know of. The heat generated by the 
welding torches which are kept on the frame from the start to the 
finish, will not radiate through the frame for any great distance, 
and the immediate section around the weld will be kept to a welding 
heat until the weld is completed. The use of three or four welding 
torches, as the case may require, will heat up the frame quicker 
than any other method. At the time the heat is obtained the welder 
is ready to continue instead of having to tear down a furnace as is 
generally the case. 


Our usual procedure in welding is to lay a heavy ripple weld up 
one side, across the front, up the other side, etc., always keeping 
the back center of the weld higher than the front, continuing this 
method until the frame is completed. 


In cases when the frame is larger than a 4x4, a piece of lagging 
is placed over the added meta! and on the bottom of the weld, thus 
keeping the bottom of the weld practically as hot as the top. After 
the weld is completed it is trimmed on both sides and with the use 
of flatters, fullers and a sledge the frame is dressed up to most any 
shape necessary. The spring steel can be easily removed from the 
bottom and after the bottom is trimmed up the lagging is again 
applied and the frame allowed to cool slowly. 

In releasing the frame spreader there are many things to con- 
sider. In cases where it was hard to get the expansion the logical 
thing to do is to hold the spreader until the trimming is completed. 
Where the expansion is fairly easy to get, the spreader can be taken 
out when the weld is three-fourths finished. Following this prin- 
cipal we generally get a frame to come back to the original tram 
marks. In case a frame comes 1/32 to 1/16 long it is advantageous 
as you have a compression instead of a tension weld. 

Our system is to take all the time necessary in making a weld 
and follow the idea of letting the metal settle in as quiet a condition 
as possible, instead of allowing the added metal to run all over the 
weld; whereby one is apt to get laps, checks and seams which in 
most cases hard to get out. 

We use from 3 to 4 welders on all frames, the larger frames 
require 4 men, so that no one gets to a point where he becomes so 
tired out toward the finish of the weld that he starts piling in the 
metal to get the job completed. The welders are alternated at reg- 
ular intervals, and they are not left on the job too long. 

One example of frame welds which are required to withstand 
an enormous tonnage pull is one made on one of our H-10 type of 
freight Loco. where the frame broke close to the rear deck casting 
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requiring 4 welds, one on each rail and the full pull of the draw bar 
comes directly on the 4 welds. 

Another example is that of placing new front sections on our 
E7s which are heavy sections welded to the rear end at a point just 
ahead of the fire box. 


COST OF FRAME WELDING 


Labor Gas Oxygen Rods Total 
4x4 $11.72 $7.55 $4.20 $5.00 $28.27 
4x5 13.18 8.92 5.00 5.00 22.10 
5x6 14.70 14.70 8.40 5.25 43.05 
6x8 26.18 21.00 12.00 6.00 65.18 
4x9 26.18 15.75 9.00 5.75 56.68 


SOME MANAGEMENT PROBLEMS ON PIPE 
WELDING JOBS * 


G. O. CARTER + 


Half a dozen years ago we would probably have meant the 
repair of a large casting or the welding of a locomotive fire box 
when we said “A large welding job.” To-day single repair jobs 
may still be classed as “large jobs,” but welding is extending so 
rapidly that single jobs may require many weeks’ work of a crew 
of ten or twenty men or even more. 

As all who have been responsible for organizing welding crews 
know, it is necessary to thoroughly check the ability of each welder 
for the kind of work being undertaken. Advertisements for 
welders will bring a dozen applicants for each man who will qualify 
as a welder—so it was not easy to get the first crew together for 
some welding jobs, such as, for example, pipe welding. 
The test found most satisfactory for checking welders on pipe 
welding of oil lines is the bending test. Each candidate made 
sample welds of short pieces of pipe which were cut into strips 
and examined for penetration and to make sure that the welder 
did not make icicles. Then the pieces were put into a vise and bent 
until fracture occurred. With this test it is easy to make sure a 
welder is getting fusion instead of adhesion and that the deposited 
metal is in good condition. 

Having enough welders in sight the next problem was organ- 
izing a gang of both welders and laborers. As many good welders 
can make satisfactory welds when the work is in a horizontal 
plane yet can not do good work on a vertical or overhead seam; 
and as it is cheaper to weld when the work is horizontal, it was 
decided to weld as many joints as possible with the pipe above 
ground and have them turned so the welders could work directly 
downward. This meant having the pipe.placed end to end on saw 
horses or rollers and having a couple of laborers to turn the pipe. 


* Paper read before the Nov. 1923 meeting, Norhern New York Section, A. W. 5 
t Consulting Engineer, Linde Air Products Co 
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The length of such sections was naturally controlled to some ex- 


tent by the character of the country and a section of five or six 
joints was found to be most suitable. 


| 


Fig. 1--Making a “Bell-hole” weld in welded oi] pipe line. 


Fig. 2—Section of 8” pipe being snaked into trench 

It is apparent that it will be easier to weld around a pipe if it 
is above ground instead of being in the ditch, although it is some- 
times necessary to make what is called a “bellhole weld.” The 
Prairie Company first tried out welding on a single section of 
about fifteen miles, then as not one of the anticipated troubles 
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developed another section of fifteen miles was welded. Thirty-five 
miles of line were relaid, using welding wherever possible. 

The primary anticipated trouble was that welders would pen- 
etrate into the pipe with the deposited metal in which case the 
scraper, which is sent through an oil pipe line, would catch and 
necessitate the digging up of the line. A very simple trick was 
developed which seems to entirely overcome the difficulty from 
excess penetration. The torch is held so that the flame is parallel 
to the plane of welding instead of being perpendicular thereto and 


over trench 


3—Welding Section of gas line on skids 


Fig 


» 


the pressure of the issuing gases is entirely away from the point 
where it would make the molten metal flow through the unwelded 
part of the joint and into the pipe itself. This developing of a 
unique method to suit conditions may be classed as engineering, 
but it is also a necessary part of management to see to it that 
methods are found to overcome sources of potential troubles. 

To check up with each man’s work it was found desirable to 
have each welder stamp a mark near the weld. There are other 


| 4 = 
_ 
4 
a 
We 
: 
als 


38 JOURNAL OF THE A. W.S. | DEc. 


points which might well be mentioned, but you probably all know 
of the success of the welded oil pipe line of the Prairie Company 
and several other companies which have recently gone into welding 
of pipe lines extensively. Besides the welding of oil lines there is a 
great deal of welding of natural gas, manufactured gas, steam, air 
and hydraulic lines. 

The welding of natural gas lines usually follows the general 
principles of oil line welding as the work is done across country, 
but with manufactured gas the lines are usually laid in large cities 


Fig. 4—Welding 16 inch oil line in Texas. 


with occasional high pressure lines between cities. _The man- 
agement problems with regard to welding pipe line for city dis- 
tribution have mostly been with regard to selection of good men 
and compensation. The use of welding has so simplified pipe line 
problems that where it has been tried it has quickly become stand- 
ard for joining wrought iron and steel pipe. 

The welding of steam pipe is more of a shop proposition, a good 
part of the work of making headers, bends—even eighty to a 
hundred-foot sections over all being done there. The only field 
welding is the making of the tie-in joints. The welding of seven 
or eight miles of steam pipe of from six to sixteen inches consti- 
tutes a recent job and there are enough problems to keep a man- 
ager pretty busy. Sometimes industrial plant jobs must be done 
on a cost plus basis and one very good method for so doing is to 
arrive at a unit cost per joint for each size pipe and for each char- 
acter of weld; i. e., end weld, right angle, neck weld, etc., and a 
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rate per lineal foot for any longitudinal welding. Using such unit 
costs there is no argument at the end of the contract. 

Outside of the pipe welding field there are several industries 
where welding is a major part of the total construction. The weld- 
ing of gasolene storage tanks, tank wagon tanks, oil and paint bar- 
rels, ammonia receivers, range boilers, light gauge tubing, etc., are 


all of great industrial importance, so may be classed as “large 
jobs.” In most of this work there is a great deal of sales competi- 
tiontion, so a manager is “hard put” to so organize as to make a 
profit. This requires a study of production methods, having the 
materials move from operation to operation with a minimum of 
lost motion, having the material correctly prepared, buying the 
right grade of materials, then developing such methods as “‘jig- 
ging” to assure having sizes of finished work correct and to reduce 
labor charges to a minimum. Satisfactory test methods are also 
an important part of the problem. 
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A field which is just opening up in the welding of large tanks 
such as oil storage tanks, gas holders, etc., will certainly require 
careful management. Bad results from welding the first tanks 
will set back the welding of tanks just as poor workmanship on a 


gas pipe line ten years ago is still occasionally referred to. Only 
the results are unfortunately not credited to poor workmanship 
but to the process. We are therefore all of us vitally interested in 
the management of all the big welding jobs. And although there is 
at least two major welding processes entering into the realm of 
“large jobs” we must none of us forget that successes or failures 
are credited to “‘welding”’ as little distinction is drawn between the 
two processes by the average citizen or even engineer. 


Correct welding principles have been established for welding 
under varying conditions for each of the major processes, so we 
should all of us keep them in mind when we come into contact with 
the managers of large jobs. Setting the manager to follow the 
best welding principles will be one of the most important things 
we can do for some time to come. If we could get the managers 
to take an active interest in the Welding Society the industry would 
be very much better off. 


“es 
40 
Fig. © ~Welded pipe in power plant 
Fig 7—~—Welded heating coils 
i 


Current Welding Literature 


Advantages of Welded Pipe Joints for Higher Temperatures, 5. W 
Miller, Power, Vol. 58, Nov. 20, 1923, page 82] 

Arce Welded Storage Tanks, Welding Engineer, Vol. 8, Nov. 1023, pp. 32-4. 
New type of tank with floating roof cuts down fire losses and evaporation 

Are Welding Apparatus, J. Caldwell, Welding Engineer, Vol. 8, Nov 
1923, pp. 23-25. State of art, iron-are characteristics, direct vs. alternating 
current welding, electrodes and current density. 

Autogenous Welding of Cast Iron, T. Kautny, Autog. Metallbearb (Aug, 


15, 1923), Vol. 16, pp. 196-203. 

Butt Weld Process For Newly-Laid Rail, Electric Traction, Vol. 1%, No 
1923, page 613. 

Cast Iron Cutting With the Oxy-Acetylene Torch, A. S. Kinsey, Metal 
Ind. London, Aug. 24, 1923), Vol. 23, pp, 152-3, Operating t 


2 method, cuttings 
by oxidation. 


Cutting Cast Iron, Welding Engineer, Vol. 8, pp. 19-22. Torch assists thi 
moving of 16,000,000 pound building, instruction for cutting cast iron, method 
of cutting poor grade of cast iron and cast iron cutting chart. 

Discarded Tubes Used for Pipe Lines, Welding Engineer, Vol. 8, No 
1923, page 28. 

Frame Making and Repairing, C. H. Nutter, Railway Journal, Vol. 29 
Nov. 1923, page 30. 

Marine Boiler Welding, Nauticus, Vol. 22, Nov. 24, 1923, page 15. 

Modern Track Maintenance Methods, W. D. Chamberlain, Electric Tra 
tion, Nev. 1923, Vol. 19, page 603. 

Oxy-Acetylene Welding in Railroad Car Shops, Machinery, Nov. 1923 
Vol 30, pp. 177-189. The oxy-acetylene installation, welding and cutting 
production, repairing and reconditioning used cars and parts, the 
welding shop, cutting for demolition. 

Repairing a Ruputred Pipe by Oxy-Acetylene Welding, Refrigerating En- 
gineering, Nov. 1, 1923, Vol. 10, page 195. 

Roll Housings Cut with Oxy-Acetylene Torch, Acetylene Journal, Vol 25, 
Nov. 1923, pp. 239 to 240. 


1? 
central 


Special Lamp Bases Manufacutred from Welded Pressed Steel Parts, 
Acetylene Journal, Vol. 25, Nov. 1923, pp. 240-242. 

The Use of Welding in Power Plant Piping, L. J. Sforzini, Power, Vol. 38, 
Nov. 1923, pp. 798 to 802. Method of forming outlets on headers, weld used 
as seal on high pressure joints, testing ammonia lines with air, complicated 
fittings and tips on low-pressure tank. 

_ Theory and Facts to Aid in the Choice of An Efficient Electric Are Weld 
ing System, D. F. Smouth. Acetylene and Welding Journal, London, Oct. 
1923. 

Track Repair Work, Electric Traction, Vol. 19, Nov. 1923, page 604. 

Training Apprentices for Gas Welding Department, J. W. 
Company “Buddgette,” Vol. 8, Nov. 9, 1923, page 45. 

: Welding Broken Aluminum Castings with Oxy-Acetylene Torch, Canadian 
Welding Journal, October 1923. 


Meadowcroft 


Welding in Locomotive Repair Shops, F. E. 
Vol 25, Nov. 1923, pp. 221-228, 232. 


a) 


Rogers, Acetylene Journal, 
List of locomotive parts repaired by oxy- 


acetylene welding, boiler welding, frame welding, cylinders, piston rods, pis- 


tons, wheel centers, pipes, tires, etc., injectors and air pumps, steel tender 
transoms and service rendered by manufacturers of gases and apparatus 


Welding Thin Sheet Steel, J. W. Meadowcroft Company, “Buddgette,” Vol. 
8, Nov. 1928, page 11. 
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ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
We are glad to explain 


Supplied in the following size cylinders: 


10” x 30’—capacity 125 cu. ft. 
12”x36’"—  “ 
12”x44"— “ 


Prompt and efficient service on any quantity through plants and 
warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 
421 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Ill. 
553 Monadnock Bldg., San Francisco, Cal. 


Take the GUESS WORK Out of Welding 


IN YOUR PLANT there is a man who needs timely and accurate informa- 
tion about welding. Heé should know what is being done in other plants 
to reduce costs and increase efficiency. No matter what your welding 
problem may be, The Welding Engineer is the best source of informa- 
tion, the best adviser you could have. Every phase of welding, both manu- 
facturing and repair problems, is discussed fully in this valuable monthly 
publication. The best authorities in America on the subject of welding 
are regular contributors. 


Every process of welding is discussed by The Welding Engineer. Arc 
Welding, Electric Butt, Spot and Seam Welding, Oxy-Acetylene and the 
Thermit System, in fact every known process of joining metals is discussed. 
Its Buyers’ Index reflects the progressiveness of America’s first manufac- 
turers. 


L. B. MACKENZIE, Eprror H. S. CARD, Associate Eprror 
Price $3.00 in the United States and Canada; $4.00 Abroad 
Write for free sample copy for convincing proof that 


The Welding Engineer is indispensable in your business. 


Member e Member 
Papers, Ine. irculations 


608 S. DEARBORN STREET, CHICAGO 
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GIBB WELDING SERVICE 
EMBRACES 


First—A complete line of Electrical Welding Equipment, making 
possible the best type machine for the job taking all facts into 
account. There are cases when either an arc or a spot welder might 
be used; an are or an automatic arc; an automatic are or an 
automatic seam. Gibb Welding Service advises that which is most 
applicable. 

Second—Sales Engineers who quickly recognize the nature of a job, 
and who from experience and an intimate knowledge of our complete 
line are in a position to determine the best solution. 

Third—An up-to-date factory capable of following out the ideas of 
the engineer and his client 

Fourth—Installation Engineers of experience with welding machines 
and their application to production. 


Tell us what you want to weld—let us 
give you the benefit of our experience. 
GIBB INSTRUMENT COMPANY 
Bay City, MICH. 


PHILADELPHIA DETROIT CLEVELAND CHICAGO 
$21 Arch Street Gen. Motors Bidg. 2104 Superior St. 428 Peoples Gas Bidg 
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Laminated 
Steel Frame 


The ease of operation 
is largely due to the 
Laminated Steel 
Frame employed in the 
Lincoln Are Welder. 

The generator of the 
Lincoln Welder—that is 
the part which pro 


duces the current for The Laminated Steel Frame 
welding—has a frame of the Lincoln Welder 

of laminated steel, instead of the solid cast frame used on 
all other welders. The frame is shown in the accompanying 
illustration. 

The electrician will understand at once how this laminated 
frame permits very quick changes in the amount of magnetism 
in the frame or its flux denisty and this in turn means quick 
change in the amount of current delivered 


THE LINCOLN ELECTRIC COMPANY 


General Offices and Factory, Cleveland, Ohio 


THE LINCOLN ELECTRIC CO. OF CANADA, LTD., TORONTO-MONTREAL 
European Representatives, ALLEN LIVERSIDGE, LTD., LONDON 


Branch Offices 
Boston Cincinnati Minneapolis 
Buffalo Detroit New York City 
Charlotte, N. C. Fort Worth, Texas Philadelphia 


Chicago Los Angeles Pittsburgh 
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Kentucky Oxygen Hydregen Co., Logan St. & Goss Ave.. Louisville, Ky. 
Weldox Equipment Co.. 3 Millard Ave., N. Tarrytown, WN. Y. 
International Oxygen Ce.. 796 Frelinghuysen Ave.. Newark, WN. J. 

Gas Products Co., Columbus, Obie. 
Memphis Oxygen Co., 682 So. Main St., Memphis, Tenn. 

St. Paul Welding & Mig. Ce.. 174 W. Third St., St. Paul, Minn. 
Aeme Oxygen Co., Pershing Road at Racine Ave. Chieago, tii. 
Welderaft Equipment Co., 2723 Liberty Ave.. Pittsburgh, Pa. 

The Bastian-Blessing Co. 125 W. Austin Ave.. Chieago, I. 


THERE IS NO SUBSTITUTE FOR SAFETY) 


Welding Costs 


Welding costs are determined by the per 
formance, not the initial cost, of welding 
equipment. This fact has been proved again 
and again by weiders who have used cheap 
equipment in the belief that it was “just as 
good.” Now they are using R*®°O, and 


saving in gas consumption, time and worry. 


R'°O equipment is made for the 
people who are tired of the ex- 


pensivness of cheap equipment. 


Distributed Nationally By 


RESO! 
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Essentials for Safe and Reliable Electric Arc Welding 
WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 
Write for Booklet 
Transportation Engineering Corporation 


15 PARK ROW 327 SO. LA SALLE STREET 
NEW YORK CHICAGO 


TORCHWELD Non Flash APPARATUS 
FOR WELDING AND CUTTING OF METALS 
Hand and Machine Torches in proper sizes for all Welding 
and Cutting requirements... 
Acetylene Gas Generators. Gas Pressure Regulators. Lead 
Burning, Brazing, Soldering and Decarbonizing Outfits. 
Welding Supplies and Accessories. 


TORCHWELD EQUIPMENT COMPANY 


224 NORTH CARPENTER STREET CHICAGO, ILLINOIS 


ACETYLENE FROM CAKES 


The most-modern, efficient and safest source 


of acetylene supply—Carbic CAKES. ‘hy 
4 
Not an experiment. Hundreds of Carbic gen- THE |\) ic 
erators using Carbie are in daily use on all Gr 
kinds of welding and cutting work. 
The use of Carbic Cakes permits an ease of / id sa 
handling, a convenience and a safety not other- ‘/ I 2 


wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


t 


CARBIC MFG. CO. z 

Duluth, Minn. New York, 141-149 Centre St. wae Enis 
Boston, 27 School Street Chicago, 565 W. Wash. Bivd. = 

Carbic yressure, Th Hendrie & Bolthoff Mfg. & Supply Co., Denver, Colorado. = =z 

eo saa. Woodward, Wright & Company, New Orleans, La. 
200 Ibs 
a Offices and Representatives in other principal Cities 
Laboratories. 
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Page-Armco Welding Rods remove 
all doubt regarding the character of 
the welding metal. 


They flow freely under the acety- 
lene flame, assuring an even, uniform 
deposit of dense, clean metal, and a 
dependable weld. 


They are the purest iron made com- 
mercially, and a recognized standard. 
The impurities taken in the aggregate 
do not exceed 16/100 of 1% when 
considering silicon, sulphur, phos- 
phorus, carbon, manganese, copper, 
oxygen, hydrogen and nitrogen. 


Conform in all respects to A. W.S 
specifications, Grade G—No. 1-A. 


Yellow tag—ends of rods colored 
yellow. 


Page Steel and Wire Company 
Bridgeport, Conn. 


District Sales Offices: 


Chicago New York Pittsburgh San Francisco 


MANUFACTURERS OF: 
Rods—Armeo Ingot Iron and Special Wane 


Analysis Steels 

Wire—Pilain and G alvani ed, Rope, 
Telephone, Telegraph, Bond, Strand 
Oxy-Acetylene and Flectrie Welding 
Wire 

Fence—Woven Wire for Farm and 
Railway ‘Right of Way, Wire Link 
Protection for Industrial Plants 
Lawns, Schools and Estates, and 
Factory Partitions 


PAGE -ARMCO 


GAS WELDING RODS 
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USUALLY CARBIDE MEANS 
UNION CARBIDE 
It always does at 150 Union Carbide ware- 
houses, strategically located from Portland, 
Maine, to San Diego, California, and from 
Seattle on Puget Sound to Tampa on the Gulf. 
Union Carbide is always packed in blue-and- 
gray drums. 
UNION CARBIDE SALES COMPANY 
Carbide and Carbon Building—30 East 42nd St. 
NEW YORK CITY 
CHICAGO SAN FRANCISCO 
Peoples Gas Bldg. Balfour Bldg. 


Service That Carries On 


INDE is vitally interested in aiding oxygen users. : 
L- The will to help is futile if it is not combined with the 
ability to serve. In a nation-wide business such as the 
Oxygen Industry, ability to serve depends on physical 
facilities and organization. 


Linde Service only begins with seeing that your oxygen 


92 supply requirements, wherever you may be, are satisfied 
Linde promptly and fully. It carries on—extends real co-opera- 
Plants tion and constructive advice as to the efficient and economi- 
and cal use of oxygen. Jt belongs to Linde users. 

Warehouses 


THE LINDE AIR PRODUCTS COMPANY 
Carbide and Carbon Bldg., 30 East 42nd St. 
New York 


Balfour Building, San Francisco 
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Users of G-E Welders 


Atchison, Topeka & Santa Fe R. R. 
Atlantic Coast Line R. R. 

Baltimore and Ohio R. R. 

Big Four R. R. 

Canadian Pacific R. R. 

Central New England R. R. 

Central Railroad of New Jersey. 
Chicago, Milwaukee & St. Paul R. 
Colorado and Wyoming R. R. 

Denver and Rio Grande R. R. 

Detroit and Mackinac R. R. 

Eastern Kentucky R. R. 

Grand Trunk R. R. 

Grasse River R. R. 

Gulf, Colorado and Santa Fe R. R. 
International & Great Northern R. R. 
Lehigh Valley R. R. 

Los add ye and Salt Lake R. R. 
McCloud River R. R. 

Michigan Central R. R. 

Missouri and Texas Rwy. of Texas. 
Missouri, Kansas and Texas R. R. 
New York Central R. R. 

New York, Chicago and St. Louis R.R. 
New Haven & Hartford 


New York, Ontario and Western R. R. 
Northern Pacific R. R. 

Panhandle and Santa Fe. 
Pennsylvania R. R. 

Seaboard Air Line R. R 

Southern Pacific R. R. 

Ulster and Delaware R. R. 

Union Pacific R. R. 

Virginian Ry. Co. 

West Virginia R.R. 


Western Pacific R. R. 


A Recommendation 


Worth-while savings are being ef- 
fected by leading railways thru the 
successful use of G-E Welders. The 
Santa Fe finds G-E Electric Welding 
Equipment so much to its liking that 
this railroad is using over 80 G-E 
Welding Sets. 


G-E engineers have thoroughly 
studied the application of electric 
welding to the various needs of rail- 
road shops, roundhouses, etc.——-and 
have developed several types of weld- 
ing equipment to accomplish the 
work required. 


For complete welding service the 
General Electric Company offers 
single-operator and multi-operator 
units, portable and stationary, also 
semi-automatic and full automatic 
welders. Ask the nearest G-E Sales 
Office for complete information. 


General Electric Company 
Schenectady, N. Y. 
Sales Offices in all Large Cities 


ELECTRIC 
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MACHINEABLE WELDS ON CAST IRON 


have been accomplished the world over with Wilson Color-Tipt 
Welding Metal Grade No. 12. — — — — Why not for you? 


WILSON WELDER AND METALS CO. 
132 KING ST., NEW YORK 


WELDING(G 


APPARATUS 
° The result of research and development dating back to the 
; infancy of the industry. The Milburn Line include all sizes of | 
Welding and Cutting Torches, Regulators, Generators and 
Complete Acetylene Compressing Plants. 
THE ALEXANDER MILBURN COMPANY 


te 1416-1428 W. Baltimore Street Baltimore, Maryland 


Swedox 
Welding Rods 


and Wires 


; LEKTROX SWEDOX NICKOX CYLKOTE 
NONOX SWEDOX MANKOTE 
ARC CARBOX MANGANOX TOBIN BRONZE 
GAS CARBOX STEELKOTE BRAZOX 
CASTOX LEKKOTE BRONZOX 
VANOX ALUMINOX MANGANESE BRONZE 


The above list of Welding Rods covers the American Welding Society’s Specifications 
E-No. 1A, E-No. 1B, E-No. 1C, G-No. 1A—Folio Nos. 1-E and 1-G, and a large 
variety of other analyses developed by us for special purposes. 

Put your welding problems up to our experts—(Demonstrations will be made where- 
ever possible.) Free samples of any rod sent upon request. 


Chicago Office and Detroit Office and 
arehouse Warehouse 
127 North Peoriz St. Gytttal Sicel & Wire (ompary Bellevue & Warren Aves. 
CHICAGO, ILL. DETROIT, MICH. 
Ieee Haymarket 7400 Phone Melrose 4032 
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UNA Rail Bonds 
A Path of Copper from Rail to Rail 


The installation of UNA Rail Bonds is the 
simplest and quickest method of bonding. 
A weld of the all copper bond is made direct 
to the steel rails. In this way, copper alone 
carries the current from rail to rail. Thus 
maximum power savings result and the full 
value from bonding is obtained. 


Investigate UNA Bonds now—they save money 


RAIL WELDING & BONDING CO. 
CLEVELAND, OHIO 


PROGRESS IN WELDING 


To progress in welding you must be a reader of the 
Acetylene Journal—a monthly magazine, now in its 25th 
volume, devoted to oxy-acetylene welding and cutting. 


Its articles are interesting, instructive and well illustrated. 
Contributed to by men of experience in all the different 
branches of the industry. Each jssue contains information 
you can not afford to be without. 


A request will bring you a sample copy, which will prove 
that the Journal should be a part of your equipment. 
Price $2.00 in the United States and Canada. 
Foreign $3.00. 


STUART PLUMLEY, Managing Editor 


ACETYLENE JOURNAL 


122 So. MICHIGAN AVENUE, CHICAGO, ILL. 


All books on gas welding may also be obtained through this office, including 
the famous “Autogenous Welding” by Granjon & Rosemberg (price $3.00), for 
which this office has the exclusive American rights. 
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Service for New England on Welding Wire Requirements 
ARMCO WELDING WIRE 


In Boston Stock 


FOR ELECTRIC WELDING FOR GAS WELDING 
Armco Blue Label in 14 inch lengths.drmco Yellow Label in 36 inch lengths. 
On reels for G-E Auto:natic Also Cast Iron, Tobin Bronze, 
Welding Equipment Alum, etc. 


P. F. MCDONALD & COMPANY 
STEEL 


DIDI DID IG ID] 


for 


Sections because shrinkage 


strains avoided. 
BUILT-UP 


” WELD 
brink - WELD — Made in 

resis'ed by those one operation. Awa 


| SECTION SECTION) Only one shrinkage 


tending to cause allowed for in 


Strains and ’ \ advance awd 
failure. SECTION? 


TO BF WELDED ahs J 


METAL & THERMIT CORPORATION _ 


120 BROADWAY, NEW YORK 


BOSTON PITTSBURGH CHICAGO TORONTO SO. SAN FRANCISCO 


| “THE UNIVERSAL WELDING MACHINE” 
The Only Really Portable Machine 


ARE YOU AWARE that our machine 


can be made to operate from any 


INDUSTRIAL POWER SUPPLY A. C. or D. C. 


Electric Arc Cutting & Welding Co. 
152-56 JELLIFF AVE., NEWARK, N. J. 
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Electric Arc Welding 
Equipments 


Properly designed for dependable service. 

Self contained, require no exciter. 

Stable Arc gives excellent penetration. 

Positive control of current throughout entire 
range of machine, 

Moderate speed insures long life. 

We invite inquiries on all matter pertaining to 
Electric Are Welding. 


Send for Bulletin No. 127 


BURKE ELECTRIC CO. 


Manufacturers of 


ELECTRIC WELDING OUTFITS 
and 


ELECTRIC MOTORS AND GENERATORS 
FOR ALL PURPOSES 


MAIN OFFICE AND WORKS, ERIE, PA. 
Service-Sales Offices 


New York Detroit Philadelphia 
Pittsburgh Cleveland Buffalo 
Sales Agencies 

Kansas City Cincinnati Milwaukee 

W. T. Osborn Underwood Elec. Co. Fred H, Doraer 
Chicago 

Western Welding San Franeisco 

& Equip. Co. Coast Equipment Co. 
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ARATUS 


Anythingand Everything 
For Oxyacetylene Welding and Cutting 


Public faith in a product is a reflection 
of faithful performance. Thus, con- 
sistently, have Airco Oxygen and 
Airco Acetylene built up good- will. 


AIR REDUCTION SALES COMPANY 


Manufacturer of Airco Oxygen and Airco Acetylene and other 
Airco and Airco-Davis-Bournonville products—Controls _ 
the Menufacture and Sale of National Carbide. 


Air Reduction Sales Company maintains its own Apparatus 
Repair Shop in each Airco District Office city. 


Home Office: 342 MADISON AVE., NEW YORK, N. Y. 
Plants and Distribcting 
Stations cenreniently locat- 
ed theugheut the Countr+ Statione 
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